the chain of infection is interrupted long before the host species becomes extinct (5) (6) (7) (8) .
In this review we give an account of the epidemiology of fox rabies in Europe and try to explain the intimate links between the dynamics of the disease and the biology and ecology of foxes. The typical pattern of the rabies epizootic has stimulated the development of computer simulations. Some of these approaches have been discussed by Toma and Andral (9) and will not be included in this review.
THE SPREAD OF RABIES
Starting from endemic foci in northwestern Poland (10, 11), a rabies epizootic whose main vector is the fox (12) has spread east, south and west. It has invaded large parts of central, eastern and western Europe in the last 40 years (figure 1) (13, 14) . Figure 2 shows the geographic distribution of rabies outbreaks occurring during the last quarter of 1979 (20) in central and western Europe. Only limited information is available on the eastward spread into the Union of Soviet Socialist Republics (USSR). Moving from Poland and the Kalinin district into Lithuania and Latvia, the epizootic reached Estonia in 1968. Byelorussia and the Ukraine were invaded after 1963.
According to Selimov et al. (72) , a second focus of infection was observed simultaneously in the Astrakhan region of the Volga delta, from which rabies spread in eastern, northern and western directions. Natural foci of fox rabies are found today in the Baltic republics, Byelorussia, Russian Socialist Republic south 56° latitude from Kaliningrad to the Khabarovsk region, in the Ukraine and Kasachstan.
Fox rabies thus far has reached Poland, the USSR, the German Democratic Re- public, Czechoslovakia, Austria, the Federal Republic of Germany, Hungary, Yugoslavia, Switzerland, Denmark, Belgium, Luxembourg, France, and Italy. In the Netherlands fox rabies has been limited to a very small border zone. Only a few countries-Great Britain, Finland, Ireland, Norway and Sweden-have remained essentially rabies free, with the exception of isolated (imported) cases.
It is particularly noteworthy that the newly invaded areas had been free of wildlife rabies for at least 50-100 years. There were, however, several reports on fox rabies epizootics during the last century (15, 16) . The descriptions of an epizootic in Switzerland by StreifFin 1829 (17) and Kochlin in 1835 (18) are in most details reminiscent of the present situation. The factors which thereafter led to the complete disappearance of rabies among foxes are unknown. Nor is it understood which events initiated the present epizootic and precisely where it originated.
Dog rabies, which is still endemic in some parts of eastern and southeastern Europe, is not directly linked with the epizootic among foxes and shall not be discussed in this review. A recent sum-mary on the rabies situation in the World Health Organization (WHO) European region was presented in 1977 by Wachendorfer (19) .
Dog rabies was brought under control by the turn of the century in most parts of northern and western Europe. Through compulsory dog vaccination campaigns initiated in Hungary in 1935, in Poland in 1947 -1948 , and in Czechoslovakia in 1948, dog rabies was drastically reduced, but without effect on the increasing incidence of fox rabies (14, 15) . The general concern about this new rabies invasion has stimulated a close surveillance of the epizootic, particularly of the frontwave moving into virgin countries.
The movement of the frontwave has been irregular but continual, modified only by natural barriers of which the common denominator appears to be a low fox population density. In its southwestbound spread the frontline has advanced about 1400 km in 38 years, an average of 37 km per year. The shift of the front has varied between a temporary standstill and a progression of 60-80 km per year. In a computer analysis by Bogel et al. (21) , the mean monthly distance in which new cases were found beyond the frontline was 4.8 km, regardless of the relative fox population density above a critical threshold. Maximum monthly spread was 20 km.
In Switzerland there was one instance of a buildup of a new focus 48 km ahead of the nearest rabies front (22) . In the frontwave situation each major movement was usually preceded by a high infection rate in the adjacent infected area (21) (figure 3). There was a marked slowdown of spread between April and July. We compared the surface of the new areas covered by the rabies epizootic each quarter in Switzerland to the total annual progression: 28 per cent were invaded in the first quarter, only 13 per cent in the second, and 27 and 31 per cent in the third and fourth quarters, respectively. Corrections were made for differences in the length of the starting line. The reduced spread during April, May and June is highly significant (p < 0.001). This is particularly interesting since the total fox population reaches its maximum at this time, immediately after the whelping season. Possible explanations for this phenomenon will be discussed later in this review.
In areas of low fox population density these chains of infection, however, are interrupted (figure 4). Major obstacles to the spread of rabies (apart from oceans) are areas of small game hunting, where the fox population is kept low through intensive hunting (23) , and the high alpine region with its biologic limitations (22) .
With few exceptions none of the regions behind the frontwave have become permanently free of rabies in the last 40 years. The frontwave has usually been followed by 3-5 years of low incidence or by the absence of rabies due to a drastic reduction of the fox population, but the periodic reappearance of rabies has occurred thereafter (9) (figures 5, 6). The pattern of reappearance of rabies behind the front is less dramatic, consisting of irregular foci and waves of spread in many directions (figure 2) linked with a recovered fox population.
The spread of the infection is a function of the activity range of (rabid) foxes. The peculiar mode of transmission by bite or intensive contact with infectious saliva limits actual transmission to only a small fraction of social contacts and to a rather short time in the course of infection, and finally, as discussed above, to fox population density. Some of these factors will be discussed further.
INVOLVEMENT OF ANIMAL SPECIES
The relative and absolute frequency in which different animal species are found to be affected by rabies is, of course, subject to the bias of the sample. Intensive surveillance of this epizootic with some corrections for the sampling has confirmed the predominant role of foxes in this outbreak (7, 9, 13, 14, 16, 52, 53) (table 1) .
In several parts of the USSR, a high incidence of rabies is found in raccoon dogs (Nyctereutes procyonoides), in addition to that found in foxes. This species nevertheless does not appear to give rise to epizootic cycles independent of foxes (73) .
Foxes constitute at least 83-85 per cent of all recorded cases of rabies in this European epizootic. About 10 per cent are found in other wildlife, particularly in roe deer, badgers and stone martens, and only 5-10 per cent in domestic animals (7, 16, 22) . In most surveys a lower percentage of rabies infected foxes is found. This is mainly due to underreporting in foxes and The analysis of the frontwave shows that foxes bring the infection into new areas (13, 16, 21, 25) . Of all rabies cases appearing before a given monthly frontline, 97.2 per cent are foxes, whereas Annual kill by hunting, accident and disease Rabies infected foxes FIGURE 5. Annual fox hunting and incidence of rabies in the canton of Schaffhausen, Switzerland, 1963 Switzerland, / 1964 Switzerland, -1978 Switzerland, /1979 . Three major waves of rabies moved through this area of 298 sq km at five-to six-year intervals, causing a reduction of the fox population followed by a gradual recovery. other animals become more important after the frontwave of high incidence has moved through an area (21) . In Switzerland, during the first six months of an epizootic, foxes constitute 89 per cent of all cases and drop to 66 per cent in the last six months. On the other hand, badgers and stone martens increase from 4.6-11.7 per cent, roe deer from 3.8-13.4 per cent, and other domestic animals from 2.7-8.8 per cent (table 2) .
This relative increase of rabies in ani- 
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STECK AND WANDELER mals other than foxes from the first to the last six months of the epizootic frontwave, before the temporary disappearance of rabies from a given area, applies as much to nontransmitting herbivores as it does to potential transmitters such as mustelids. We think that this is due to late exposure and prolonged incubation periods, rather than to chains of infection among these particular species (with the exception of badgers). The particular events leading to the infection of roe deer (and domestic herbivores) are rarely observed. It is very likely that these animals are bitten while they are defending themselves against the attack of a rabid fox. Roe deer share the habitat of foxes, and their population is of the same order of magnitude as that of sheep, which helps to explain the relative frequency of infection among these deer. Interestingly, rabies cases among domestic cats occur separated in time and location, which makes cat-to-cat transmission also very unlikely. In practice, however, unvaccinated cats belonging to the same household are usually killed if one cat is found to be rabies infected, thus limiting the chance for secondary cases. The highest incidence of fox rabies observed was in the frontwave of the epizootic, amounting to 0.7 -1.8 rabid foxes per sq km per year. This represents 30-60 per cent of all foxes reported killed by hunting, accidents or diseases, which may represent 25-50 per cent of the total fox population.
In all other species a maximum of one or two cases per 20 sq km are found. Individual animal cases usually occur separated in time and distance, with the exception of badgers, among which local clusters of rabies cases are occasionally found in front of or behind a wave of the epizootic, suggesting short chains of infection among this species. It is of public health importance that virtually no rabies cases are found among rodents (mice, rats and squirrels), hares, insectivores (hedgehogs, shrews), bats or birds (table 1) .
The existence of a reservoir of rabies among animals other than foxes often has been postulated (26). However, intensive search, particularly among rodents, has failed to reveal such a reservoir. The characteristics of the epizootic, on the other hand, can be fully explained without necessarily implying that a reservoir exists outside the fox population. In this context it is necessary to discuss the isolation of rabies virus strains from rodents described by Schneider and Schoop (27) and Sodja et al. (28) . A common feature of these isolations was that the virus became detectable only after several intracerebral (IC) blind passages in white mice. The virus must have been either in very low titer or masked by interference phenomena (29) . Isolation attempts by other workers in Germany (30, 31), Switzerland (4, 22) , and France (32) have been unsuccessful. An average spread of 40 km per year is impossible by mouse-tomouse transmission, when, for example, a minimal incubation period of six days and an activity range of, say, 100 m are taken into account.
If fox rabies were an epiphenomenon of an epizootic in an underlying, albeit unknown, reservoir, the incidence of fox rabies would be directly proportional to fox population density, but this is not the case. Below a certain threshold of the fox population, rabies disappears completely, and despite a sizable number of remaining foxes, which gain previous population levels within a few years, rabies may not reappear in parallel incidence. Reinfection, if it does occur, originates from adjoining foci of infection.
RABIES INFECTION IN THE FOX AND OTHER WILD CARNIVORES
Information on susceptibility, incubation period and duration of clinical symptoms is available virtually only from ex- perimental infections. The susceptibility is markedly dependent on the route of inoculation, e.g., intramuscular (IM), oral, or aerosol inhalation. By the IM route the 50 per cent lethal dose for foxes corresponds to about 0.1-1.0 mouse intracerebral 50 per cent lethal dose (MICLD 50 ). In figure 7 data from several workers in North America (3, 34, 36) and Europe (35, 37, 38) were submitted to regression analysis.
Challenge results obtained with various virulent fox isolates fit into the same pattern with a shortened interval between inoculation and time to death at the higher concentrations of challenge virus. For 67 foxes infected with 1600 MICLD 50 , the mean day of death and SD was 22 ± 6 days postinoculation, with a minimum interval to death of 9 days. At concentrations below 100 MICLD 50 this time interval spanned from 20-111 days (45 ± 20 days). Very long incubation periods are not represented since most trials were terminated between 100-150 days postinoculation. No significant difference between inoculation into cervical, masseter or gluteus muscles was seen. It is noteworthy that Schmidt and Sikes (34) observed incubation periods of at least 9%, 12 and 15 months in foxes with naturally acquired infection. Based on intensive surveillance, we think that the periodic reappearance of rabies in certain regions of Switzerland is caused by reinvasion from neighboring areas rather than by extremely long incubation periods in some individual animals (or by an unproven reservoir).
Data not fitting the general pattern seen in figure 7 were, however, obtained by Winkler et al. (39) . Only two out of 21 nonimmune foxes died (94 and 105 days) after IM challenge with 250 MICLD 50 of virulent virus in the quadriceps muscle. It is not clear whether these deaths were due to a reduced virulence of the virus strain used, to the site of inoculation, or to both. Parker and Wilsnack (40) Among the experiments noted in figure 7, 2-15 per cent survivors among the foxes inoculated (at days 100-150) were observed over the whole range of inoculation doses. Among 239 foxes inoculated with 4-80,000 MICLD 50 , 16 survived.
Seven of these foxes were tested for neutralizing antibodies or resistance to challenge, but only two were found to be immune.
Much higher doses of virus appear to be necessary to infect by the oral route. Ramsden and Johnston (41) fed foxes with dead, frozen, infected mice with a total dose of 1 0 4 5 -1 0 5 4 MICLD 50 of rabies virus. Two out of seven died of rabies. In addition, one fox developed neutralizing antibodies, but three other survivors succumbed to virulent challenge. In an experiment using seven foxes, we instilled a total dose of 10 64 MICLD 50 of virulent fox virus into the buccal cavity. One fox died from rabies 43 days postinoculation. Among the six survivors, one developed a low titer (1/5) of neutralizing antibody and was resistant to IM challenge (38) . However, in experiments done by Blancou et al. (37) , only two out of nine foxes survived for more than 400 days, the other seven died between 20-89 days (median 28 days) postinoculation.
We do not know what relative roles are played by the IM (bite) and oral routes of infection under natural conditions. From all evidence available, bite transmission appears to be the most important mode of infection. Concentrations of rabies virus found in brain and salivary glands of most animals found dead appear to be below the oral infection dose (4, 71) . (Aerosol transmission is not likely to be important in Europe since bat rabies and caves with large populations of bats as they exist in the Americas are unknown.)
From the experimental studies we concluded:
1) Ninety-three per cent of IM infected foxes died (the exceptions were inoculated with the lowest doses).
2) Susceptibility by the oral route is about 10 5 -10 6 times lower than by IM infection.
3) Among the 7 per cent of foxes surviving IM infection, only about one-third are immunized, e.g., 2 per cent of all infected foxes. Present data are insufficient to judge if a higher proportion may become immune after oral infection. Very large doses of virus would, however, be required.
The evaluation of the immune status of the fox population in the field was hampered by the poor quality of the sera obtained from killed foxes. Interpretation of nonspecific inhibition at lower serum dilutions is difficult to do. However, an estimation can be reached by comparing sera obtained from rabies infected and noninfected foxes from endemic areas with sera from foxes collected in areas completely free of rabies. Table 3 summarizes such data, which suggest that not more than 8 per cent of foxes living through the frontwave of the epidemic are actually exposed and immunized against rabies. Similarly, Sikes (3) found four out of 118 foxes with serum-neutralizing antibodies in a rabies endemic area, although Menzel (42) found none with antibodies among 92 nonrabid foxes.
In view of the small population of immune foxes and the simultaneous high population turnover, it is very unlikely that immunity is of epidemiologic importance. On the contrary, the lack of immunity and the rapid recovery of a reduced population appear to be essential factors in maintaining the endemicity of rabies.
A study (4) to detect the presence of rabies virus in the salivary glands was undertaken in foxes, badgers and stone martens collected in the field (table 4) . Rabies virus infection of the salivary glands was found in 93 per cent of all foxes dying from rabies, in 83 per cent of rabid badgers and in only 50 per cent of rabid stone martens. On the other hand, there was never an infection of the salivary glands without infection of the central nervous system. These observations would indicate that virus excretion by the salivary glands is linked with classical clinical disease and that no silent shedders occur.
Experimental results indicate that high inoculation doses, e.g., those more than 10 s -* MICLD 50 (33, 38) or 10 3 9 MICLD 50 (40) , tend to yield a small proportion of foxes with infected salivary glands, e.g., five out of 23. Low doses, on the other hand, give rise to a high proportion of foxes with infected salivary glands, e.g., 16 out of 20 foxes at the same time with a relatively long incubation period.
The data from the field showing the very high proportion of infected salivary glands in foxes suggest that the infecting dose may be low and the incubation period correspondingly long under field conditions. The excretion of virus in the saliva is linked with the clinical disease phase. Excretion of virus was, however, observed to occur even three days before death (3). There is much divergence in the information about the duration of clinical disease. This is mainly because it may be difficult to define the beginning of clinical symptoms. Changes in behavior during the incubation period may have a causal relationship to the infection. If such observations are interpreted as prodromal symptoms, then intermittent clinical disease may last for up to two weeks. Most observers, including ourselves, agree that the clinical phase of the disease appears to last only a few days. A median duration of two days-with a range of 1-14 days during which time 80 per cent of all inoculated foxes died within three days, and 93 per cent within five days-was seen after IM inoculation (3, 37, 38, 43) .
The earliest sign of disease may be the animal's refusal of food for one or two days. After inoculating the fox in the neck muscle, we frequently observed a very fine head tremor, which occasionally increased to heavy shaking within less than 24 hours. During this early phase foxes may or may not be aggressive. Furious forms of the disease are rare, and aggressiveness may become apparent only after provocation. These signs may be influenced very much by the individual experimental foxes. Death is preceded by a paralytic stage with intermittent fits lasting a few hours to a few days.
In our laboratory, recovery from severe clinical disease was noted in only one animal, which had been previously immunized by the oral route with the SAD strain, after challenge with virulent street virus.
Field observations on the clinical behavior shall not be discussed in detail here, since observations of individual animals are often limited to short episodes before they are killed. Among foxes killed because of abnormal behavior (e.g., loss of shyness, paralysis, aggressiveness, etc.) within an endemic area and collected for examination, 86 per cent were actually infected by rabies virus (table 5) . On the other hand, Wittmann and Kokles (44) reported that among 105 normal foxes killed during hunting in an endemic area, 10 foxes were found to be rabies infected. The autopsy showed that at least seven animals were probably clinically ill; from further studies involving histopathology and serology, Wittmann and Kokles concluded that latent carriers of rabies virus do not exist. 
FOX ECOLOGY AND BIOLOGY IN RELATION TO RABIES
Fox population density, linked with population turnover, and social behavior are the main variables which shape the pattern of epizootic fox rabies in Europe. Most of the terrestrial habitats in Central Europe have a high carrying capacity for foxes. Foxes are found in almost every conceivable habitat, from the seashore to alpine meadows above the tree limit. They have even adapted successfully to urban and suburban conditions, reaching quite high population density in many cities in England (45, 46) . The carrying capacity is certainly limited by food availability. Fox diet may vary a great deal: it may range from earthworms and insects to medium-sized mammals, carrion, and offal, and also berries, fruit and vegetables. Cover and shelter may be another limiting factor. The different kinds of shelter used also influence the success of fox population reduction (47) .
Actual population densities are kept below carrying capacities by mortality factors such as human predation, sarcoptic mange, and rabies. In areas with intense fox hunting, but undisturbed by diseases, population densities based on litter counts range between 1.11 -1.85 foxes per sq km after whelping (48) . The number of foxes killed per year and unit area indicates much greater variation in population density in other regions. In the absence of precise fox population censuses, hunting records provide valuable information over large areas. Districts with high hunting records tend to have a high incidence of rabies, but in areas with low hunting records, rabies tends to disappear or does not enter (49) .
In continental Europe, hunting records indicate that there are 0.8-6 foxes per sq km in the flat and hilly land in the absence of rabies or strict control measures. One or two foxes per sq km can be killed annually for many years without decreasing the density at all.
Smaller fox population densities are found mainly in two areas: 1) Regions with well-organized small game hunting, where foxes are systematically killed by game wardens (23) . In these areas the hunting records may not necessarily be much lower, but there is an increased hunting effort throughout the year (24, 50) .
2) In the alpine region the carrying capacity of biotopes for foxes gradually decreases with increasing altitude. Unfortunately, the hunting effort has the same trend (51) . Nevertheless, it is certain that the fox population densities become much lower between 1500-2000 m above sea level, and above 2000 m only a few families or individual foxes are present. This is, of course, greatly influenced by snow in winter. Figure 8 shows the hunting records for one area in the Swiss Alps.
In both situations the low density proved to be an obstacle to the spread of rabies. A barrier, as yet not fully understood, prevents rabies from entering the Netherlands, the northwestern part of Belgium, central Czechoslovakia and certain smaller areas within countries affected by the epizootic.
In the alpine region the low fox density at high altitudes had a marked channel- ing effect on the spread of rabies, each valley representing a separate epidemiologic compartment. In Switzerland thus far no alpine pass higher than 2000 m above sea level has been permanently crossed by the rabies epizootic, despite individual foxes encountered up to 3000 m above sea level. However, the invasion of northern Italy (South Tirol) from Austria over the Krimmler Pass (2600 m above sea level) demonstrated that these barriers are not absolute (52) .
Denmark, linked with continental Europe by a landbridge only 60 km wide, successfully stopped the rabies invasion in 1964-1965 and 1969-1970 by drastic reduction of the fox population (53) . A third outbreak starting in 1977 has not yet been brought under control. Similar, but less spectacular results have been obtained in other parts of Europe. The most efficient method used was the gassing of fox dens during the whelping season. An analysis of data from West Germany by Moegle and Dietz (8) and comparison with other areas in Central Europe have shown that the critical fox population density below which rabies tends to disappear is reflected by an annual kill through hunting of 0.3-0.4 (0.315) foxes per sq km (figure 4). It is noteworthy, however, that hunting records are as much dependent on hunting habits and intensity as on fox population density.
After the frontwave of the epizootic has passed, there is a very dramatic drop in numbers recorded, particularly when high population densities are present and when aided by systematic gassing of fox dens. We believe that this indicates a real drop in population size ( figure 5 ).
In the series of maps depicting the first years of the rabies epizootic in Switzerland (figure 6), we show how the frontwave of rabies is followed by a zone of reduced fox population density and a gradual recovery. Population density remains low for a few years, during which period rabies is absent from the area. To simplify the picture, we have included only two levels of hunting records in the maps, i.e., below or above 0.3 foxes per sq km. Actually, the situation is, of course, much more complex.
Reduction and recovery are not similar in all areas. The result is a mosaic of rather small districts behind the frontwave which harbor fox populations above or below the critical level ( figure 9 ) (33) . Their population density, size and distance from the frontwave or from other foci determine their chances to get reinfected by rabies. Under appropriate conditions, new epidemic waves may start from the scattered foci of rabies behind the initial frontwave. If reporting is insufficient, this may look as if isolated cases of rabies or small foci may reappear without connection to other foci. We do not think that this is so; rabies does not go "underground" between major outbreaks, but reinfection occurs from adjacent infected areas.
The above-mentioned recovery of a reduced population depends on reproduction and perhaps on reduced hunting pressure due to fewer foxes found and the threat of rabies immediately after an epizootic. In Central European areas most vixens become pregnant during mating season in January and February. reach maturity in the following winter, the young females showing a reproductive performance similar to the older ones. Data on reproduction may look very different when analyzed in areas with lower hunting pressure (54, 55) or with great variation in food supply (56) . In Central Europe the two-to threefold annual increase in population in spring is reduced to an unknown extent by juvenile mortality, hunting, accidents, and diseases, especially rabies, in certain areas. The result is a prewhelping population of low density.
The data on reproduction and mortality suggest a rapid population turnover. This is also indicated by the recognized 70 per cent of juveniles among the total healthy foxes killed by hunters in the fall. Rabid foxes collected in the same areas are significantly older and usually are about 50 per cent juveniles. Both samples most likely fail to reflect the true age structure of fox populations (57) .
Many authors (7, 58, 59) have pointed out that the social behavior of foxes and the social structure of their populations are of crucial importance for the bitetransmitted disease. Social behavior follows the annual reproduction and mortality cycle (figure 10). In adult foxes a male-female pair seasonally shares a home range with their young of the year. The recorded home ranges are between 1/4-10 sq km. While many authors (59) (60) (61) have reported that foxes observe territories with clearcut borders, others (54, 62) have indicated that foxes travel throughout nonexclusive and overlapping home ranges. Juvenile foxes, aged six months, may leave the family territory and disperse over quite a large area (figure 10) . The median distance traveled by juvenile foxes in fall in Switzerland is 5.2 km. A significant number of young females remain in or near the parent territory, while most males emigrate (63, 64) . The juveniles represent a large proportion of the population and also make up a significant percentage of nonterritorial animals in the fall. In areas with moderate population density or with high turnover, most of the young animals participate in breeding in midwinter and establish their own territories. In regions with high fox density the young surplus females become part of a territorial fox family, but do not reproduce. The surplus males remain itinerant and nonterritorial (55) . Interestingly, rabies incidence (figure 11) and spread are at a minimum (21) in April, May and June, immediately after the whelping season, when the total fox population has reached a maximum. This is paralleled by the observation that only a small proportion of very young foxes are found rabid, reaching the adult level of infection only during winter ( figure 12 a, b) . It is difficult to weigh to what degree the samples are biased by high juvenile mortality from other causes. However, the same trend is apparent if we compare absolute numbers of rabies infected juvenile foxes versus adult foxes ( figure 12 c, d ). This feature is certainly caused by the different social behavior of juveniles and adults, and not by differences in susceptibility: Adults within their territories attack intruders, while juveniles avoid outsiders. It should be remembered that for rabies transmission to occur the participation of a sick fox and a healthy one is required. An aggressive sick fox may bite a healthy individual only if the latter responds to the challenge. But there are numerous other possibilities for infectious contacts in addition to this one.
IMPACT OF FOX RABIES ON DOMESTIC ANIMALS AND HUMANS
The overall incidence of rabies in domestic animals in the fox epizootic is relatively low, involving only 5-10 per cent of all registered rabies cases. Two groups of animals are essentially involved: 1) cattle and sheep on pasture, and 2) dogs and cats. Rabies in other species of domestic animals is very rare (table 1). All these cases occur sporadically and are secondary to fox rabies.
Multiple cases may occur in herds of cattle or sheep, suggesting a common source of infection. A higher incidence of cases is encountered if rabies invades an area where large herds are grazing. Usually, no special prophylactic measures are taken, but in certain regions, the vaccination of cattle against rabies has become economically advantageous (22, 65) . Often a combined foot-and-mouth disease and rabies vaccine is used.
Two human cases have been traced back to exposure to rabid cattle in the last 30 years (66, 67) . In one instance a veterinarian died six months after having explored with bare arms the pharynx of a rabid cow.
Surprisingly, under given conditions, rabies in dogs and cats has no tendency to evolve into cycles of infection independent of fox rabies. It is not known whether this is due to particular characteristics of the fox rabies virus strains involved or to other reasons. Dogs are subject to registration and licensing in all areas thus far reached by fox rabies. Dog vaccination is forbidden in some countries and compulsory in others, a circumstance which has greatly influenced the incidence of rabies in dogs.
In Germany, where vaccination is not compulsory, cases of dog rabies represent 2-9 per cent of all infected animals (15, 71) . In Switzerland, where vaccination is compulsory in all endemic areas, only 45 (or 0.5 per cent) rabid dogs were diagnosed in 12 years of a total of 9400 rabid animals (22) .
Cat vaccination is done on a random, voluntary basis in most regions. Cats are, however, second or third in their importance after dogs and foxes as a potential link between wildlife rabies and humans. Rabid cats are usually aggressive; unprovoked attacks with biting or scratching of people or other animals were observed in 80 per cent of these animals. Certain administrative regions in Switzerland are attempting systematic programs of vaccination and control of stray cats.
Rabies is found in most other species of domestic animals and in zoo animals, mostly ruminants, but the absolute numbers are relatively small. However, human exposure to these species may lead to treatment of large numbers of people.
Wachendorfer (19) has compiled data from the WHO European region for 1972-1976, including not only the re- t Bite and other exposures by confirmed rabies infected animals (Schale (69)). § Exposure by rabies infected and rabies suspected animals (Bbgel et al. (70)). 11 Note 10-fold difference in exposure to rabid dogs between Switzerland, which has compulsory dog vaccination, and the German States, which do not have it.
S w

I
to gions affected by fox or sylvatic rabies, but also those regions of eastern and southeastern Europe where dog rabies is still prevalent (table 6 ). This table illustrates the fact that canine rabies has a much greater impact on human health than sylvatic rabies. Seventy-seven per cent of all animal cases are in sylvatic species, but these are responsible for only 8 per cent of human treatments and only 1-2 per cent of all human cases. Among the 32 cases of human rabies (table 7) which occurred in 1969-1977 in the European countries affected by epizootic fox rabies alone, 13 were caused by dogs, but 11 of these cases were imported (i.e., the exposure to rabid dogs occurred abroad in a country where endemic canine rabies persists; the people became ill after their return to another country, some of which are considered to be rabies free). The European situation as a whole could be dramatically improved if dog control and vaccination programs were carried out in all areas with endemic dog rabies.
In the European countries with endemic fox rabies, close to 40 per cent of fatal human cases were, however, caused by rabid foxes. Through its direct and indirect effects, fox rabies is of public health and economic importance (68) . In these same areas over 16,000 people have to undergo postexposure treatment each year. There is certainly some, but no excessive overtreatment. The animal exposure responsible for postexposure treatment in several fox rabies endemic areas is listed in table 6. The majority of treatments stem from exposure to infected domestic animals. However, up to 23 per cent of bite exposures are caused by rabid wild carnivores, and an additional 9-19 per cent are caused by other wildlife, particularly roe deer. This illustrates that even if rabies in domestic animals were controlled, a definite hazard from wildlife rabies would still exist.
